The search for useful resources locally produced for livestock is an attempt of urgency, particularly in the wake of high grain price and high demands of reducing global warming potential. Despite its negative impact on performances, increasing attention has been paid to dietary fiber in monogastric animals' nutrition due to its multiple functionalities, especially in sow diets. In the experiment, a total of 48 Yorkshire cross with Landrace (YL) hybrid sows were fed with dry matter base of 0, 15, 30 and 50% extruded whole-plant forage corn silage (52.5% DM and 8.4% CP) replacement experimental diets during gestation and lactation. Sows were weighed, the backfat thickness was measured ultrasonically and jugular blood samples were collected from all sows. The results show that sows fed with corn silage replacer loss more body weight (P=0.015) and backfat thickness (p=0.024) during lactation. The 50% replacement sows took an average of 230.52 kg experimental rations during lactation (p<0.001). As can be seen, 50% replacement sows had a higher average daily feed intake of 8.23 kg during lactation. Although not significant statistically, it seemed that control, 15% and 30% replacement sows had better litter weight gain than 50% replacement sows. Sows fed with corn silage replacer tend to have lower total USFA before farrowing (P=0.044) but lower total SFA at weaning (P=0.004) whereas the control sows had the opposite condition. Serums C20:1, C22:1, C24:1 and C20:4 were not detected in late pregnancy for sows fed with corn silage replacer. However, they tend to have increasing concentrations of C22:5 and C22:6 as the replacement rate increases in late pregnancy and convert more body reserve to higher milk lipid contents. In conclusion, 30% sows' dry matter replacement ration had the highest margins with extruded corn silage. This local resource is an effective approach to reduce feed cost significantly as well as to minimize carbon-foot prints of rations for pig production and increase voluntary feed intake in lactation sows.
INTRODUCTION
Using local resources is an effective approach to reduce feed cost as well as to minimize carbon-foot prints of rations for livestock and poultry. Pig production mostly relies on imported grains in Taiwan; thus, the search for useful resources locally produced for livestock is an attempt of urgency, particularly in the wake of high grain price and high demands of reducing global warming potential. Despite its negative impact on performances, increasing attention has been paid to dietary fiber in monogastric animals' nutrition due to its multiple functionalities, especially in sow diets.
Intensive production systems generally provide sows with restricted feed during gestation and fed ad libitum during lactation. However, the voluntary feed intake of modern sows is too low to meet their increased energy requirements during lactation (Noblet et al., 1990) , especially in young sows (Eissen et al., 2000) . A reduction in voluntary feed intake during lactation occurs when the intake during first and second parity sows rose above 1.93 kg/day (Close and Cole, 2000) . Therefore, it is usually recommended that feed intake be restricted during pregnancy to avoid low appetite in lactation. However, different feeding practices are often found in pig operations, with the lactation diet being offered more often 30 days before rather than a few days after parturition. Supplying high-fiber diets during pregnancy has been shown to improve the welfare of sows (Meunier-Salaün et al., 2001) and increase feed intake over the subsequent lactation period (Farmer et al., 1996; van der Peet-Schewering et al., 2003; Guillemet et al., 2006) . Moreover, sows fed with a high-fiber diet during gestation, manage their own feed transition, choosing the lactation diet spontaneously on the week preceding parturition (Guillemet et al., 2010) . This indicates that a high-fiber gestation diet promotes early intake of the lactation diet. When energy intake per sow was equalized among the gestation treatments, a higher percentage of the sows fed a diet containing 50% alfalfa hay had a greater piglet survival rate (Pollmann et al., 1980) . However, fiber multiple functionalities also depend on the types of fiber, animal's gastric adaption and other additional requirements during metabolism process. Inclusion of increased amounts of dietary fiber may reduce hunger of restricted-fed pregnant sows due to a reduced assimilation of energy derived from starch at the expense of greater amounts of energy derived from short-chain fatty acid due to microbial fermentation of non-starch polysaccharides in the large Intestine (Serena et al., 2009; Jensen et al., 2012) . The addition of approximately 6.8% ground wheat straw as a source of fiber to a gestation diet that was fed for 5 successive parities increased overall litter size and total litter weight at weaning, when basal diet intake was equalized among treatments (Everts, 1991) . The additional 13.35% ground wheat straw to the gestation diet improved sow and litter performance, with increases in litter size and total litter weight at birth and weaning compared with control sows and litters (Veum et. al., 2009) . Recently, Meunier-Salaün and Bolhuis (2015) summarized and concluded that provided dietary fibers during gestation generally have a beneficial effect on the behavior and welfare of sows which were restricted-fed.
As can be seen from the above studies, fiber does have significant effects on sow nutrition and welfare. For traditional corn-soybean diets, wheat brane used to be the fiber source in sow diet formulation, however, those materials are not readily available in Taiwan. Using local resources to alter traditional corn-soybean diet composition and feeding management simultaneously may improve sow performance and reduce feed cost.
Therefore, the purpose of this study was to investigate the effects of feeding sows with a partial extruded wholeplant forage corn silage during gestation and lactation on their physiological and metabolic adaptations during the pre-partum period, and to determine how these effects may carry on to lactation period and relate to sow and piglet performances.
MATERIALS AND METHODS

Methodology
The experiment was carried out at the agriculture college practical farm in National Pingtung University of Science and Technology, Taiwan, R.O.C. The Practical Farm of the Animal Production Division consists of pig, dairy, poultry, feeds and waste treatment units. The Pig Unit was established for training and research purposes, and is managed by the animal nutrition and energy resource management laboratory.
Animals and housing
48 sows (Yorkshire × Landrace) of 3 rd or 4t h parity after weaning were housed in 4 groups and fed with experimental diets. All sows were given daily boar contact for 15 min in the early morning and late afternoon. When signs of estrus were seen, the sows received two inseminations at 12 and 24 hours after stable reaction to "back press". The fresh semen was mixed from different Duroc boars and diluted to 50×10 8 sperm per 100 ml dose. At 21 and 30 days after insemination, the ultrasonic pregnancy detector PREG-TONE (RENCO CORPORATION, Inc. Minneapolis, USA) was used to test each sow for pregnancy. Keeping conception failures in mind, 40 gestating sows were used as experimental animals in each replicate for the whole duration. All the experimental sows were moved to individual stalls and received experimental diets. 109 days after insemination, all gestating sows were moved to farrowing house for 28 days of nursing and then moved back to the previous dry sow accommodation after weanling. No hormone treatments were allowed for parturition. No piglet fostering was allowed for experimental animals; other sows were made available to take piglets if necessary. All sows were fed diets corresponding to their physiological stages. There was only one type of feed fed during the pregnancy stage and lactating stage for each treatment. The composition and chemical characteristics of the experimental diets are described in Table 1 . Tainan No. 19 forage corn plant was the main species for the corn silage and this was used in the experiment. Normally, fresh plant was harvested at around 70 to 80 days old, and then the immature plants would be machinery : The rations were fed to sows from gestation to lactation in each treatment. chopped to 5 to 10 mm in length and ensilaged for 45 to 60 day. The chemical compositions of corn silage were analyzed for 29% dry matter (CNS2770-3), 2.7% crude protein (CNS2770-5), 1.1% crude fat (CNS2770-4), 7.8% crude fiber (CNS2770-8) and 1.5% crude ash (CNS2770-9). In this experiment, high fiber replacer was made up of 425 kg corn silage, 75 kg dehulled soybean meal, 2.5 kg dicalcium phosphate, 3.5 kg limestone and 6 kg lard. The formula was extruded after mixing by using dry type single screw extruder K28000 (KUO HUI HIN ENTERPRISE Co. Ltd., Kaohsiung, Taiwan R. O. C.). The chemical compositions of the high fiber replacer were analyzed for 52.5% dry matter (CNS2770-3), 8.4% crude protein (CNS2770-5), 1.7% crude fat (CNS2770-4), 6.3% crude fiber (CNS2770-8), 2.9% crude ash (CNS2770-9), 0.45% calcium, 0.4% total phosphate and 1800 Kcal/kg. The composition and chemical characteristics of the experimental diets are described in Tables 1 and 2. The sows were fed ad libitum with experimental diets before mating. After mating, the sows were kept in stalls and were fed twice a day. The amount was reduced to 2.0 kg DM per day per sow from mating until 80 days after service. The diet was increased to 2.2 kg DM per day per sow from 80 days after service to 110 days of pregnancy. Five days before the expected farrowing date (114 days), the sows were moved to the farrowing house. The diet was reduced to 2.0 kg DM per day per sow and experimental diets were continued being fed. The sows that did not give birth by 114 days of pregnancy continued to be fed 2.0 kg DM per day. Any uneaten feed was cleaned out before the next feeding, and it was not returned to the experimental animals. All feed refusals were recorded on the datasheets and corrected to dry matter (determined by drying at 60 o C). From the initial day of pregnancy until parturition, sows had no feed refusals. The daily feed allowances and, thus, feed intakes of control, 15%, 30% and 50% replacement sows were, respectively, 2.20, 2.43, 2.65 and 2.95 kg of experimental rations from 1 to 80 days of pregnancy, 2.40, 2.65, 2.89 and 3.22 kg of experimental rations from 81 days of pregnancy until 110 days of pregnancy. The feed was increased postpartum by 0.5 kg DM per day till sows reached ad libitum ration. The feed amount was divided into three meals and fed to sows three times a day. After weaning, the feed amount was reduced to 3.2 DM kg per sow per day and fed to sows twice a day until rebreeding.
Creep feed was given to piglets from one week postpartum and was increased by 100 gm per day, using a 20% CP (corn-soybean meal) broken pellet commercial concentrate. However, there was some difficulty in measuring the creep feed consumption due to wastage. This feed was cleaned out every day and troughs kept half full all the time. The health of the animals was checked daily and, if necessary, ill animals were treated by the veterinarian. The piglets received Hog cholera and Swine erysipelas vaccination injections at day 21. The teeth clipping, tail docking and castration were not performed.
Data collection
Sows were weighed and backfat thickness was measured ultrasonically (Preg-Alert Pro, Renco Corporation, Minneapolis, USA) at the last rib 6.5 cm from the midline on each side at mating, 30, 80,110 days after insemination and weaning. Piglets were weighed within 24 h after birth (day 0), and then at day 7, day 14, day 21 and weaning at day 28.
Blood and milk sampling
Jugular blood samples were collected from all sows at 06:00 AM (before feeding) on day 80 and 108 of gestation and weanling. Blood samples (10 ml) were collected in vacutainer tubes containing EDTA (Becton Dickinson and Co., Rutherford, NJ). They were put on ice and centrifuged within 60 min at 4°C for 30 min at 3,000 × g, and plasma was immediately recovered and frozen at −20°C until further analyses. Concentrations of fatty acid profiles in sow plasma were measured in all samples.
Milk was collected at day 7 ± 1 and day 17 ± 1 of lactation after an injection of Cloprostenol sodium (450 μg i.m.; REGUBIRTH INJECTION, YUNGSHIN PHARM Ind. Co. Ltd., Taiwan, ROC). The milk samples were immediately filtered through gauze, aliquoted, and stored at −20°C until further analyses.
Statistical analysis
The GLM (general linear mode) procedure was used with SAS to perform the analysis (SAS, 1989) . Comparison between treatments was done by calculating the standard error of difference (S.E.D.) and least significant difference (LSD). Analysis of variance was also used to compare the characteristics of sow and piglet performance, serum biochemical parameters, and fatty acid profiles in sow plasma for each factor. The factors included in the analysis were sow dietary treatments and physiological stages. For investigation of the effects of treatment, comparison of piglet performance was analyzed by analysis of variance with litters as the experiment unit.
RESULTS
Results of sow performance
There were 48 sows throughout the whole experiment without any losses or replacements. There was an average of 113.4 ± 0.21 days for pregnancy, and 3.28 ± 0.26 hours for farrowing. The sows spent an average of 4.9 ± 1.11 days before coming into heat after weaning, however only 43 sows (92.5%) were seen in heat for subsequent reproduction cycle. Table 3 shows the treatment effects on body weight and backfat thickness changes. In this section, there was no distinction of treatment effects in the initial body weight (p=0.197). With the increase days of pregnancy, control sows tend to have higher body weight at 30 days of pregnancy (p=0.043) and at 80 days of pregnancy (p=0.027). There was no difference between 15, 30 and 50% replacement groups in these stages. At 110 days of pregnancy, there were no significant treatment effects on body weight and backfat thickness, however, sows fed with corn silage replacer loss more body weight (P=0.015) and backfat thickness (p=0.024) during lactation. The control, 15%, 30% and 50% replacement sows lost 6.2, 21.5, 27 and 31.5 kg body weight and 0.4, 1.7, 1.9 and 1.7 mm backfat thickness, respectively, during lactation. From 30 days of pregnancy until parturition, sows had no feed refusals. The daily feed allowances and, thus, feed intakes of control, 15%, 30% and 50% replacement sows were, respectively, 2.20, 2.43, 2.65 and 2.95 kg of experimental rations from 1 to 80 days of pregnancy, 2.40, 2.65, 2.89 and 3.22 kg of experimental rations from 81 days of pregnancy until the day of parturition. The experimental rations were increased postpartum by 0.5 kg DM per day accordingly till sows reached ad libitum ration.
Treatment effects on sow performance
With the increase of lactation, 30 and 50% replacement sows gradually increasing daily feed intake, however, control and 15% replacement sows reduced feed intake in the fourth week of lactation (Figure 1) . The 50% replacement sows took significant high amounts of experimental rations in different weeks of the lactation ( respectively; p<0.001). When comparing the effect of the treatment by dry matter intake amounts, it is seen that the sows that took corn silage replacer tend to take more dry matter but there was no statistically significant difference ( Table 5 ). The 50% sows took an average of 100.9 kg of dry matter during lactation, other sows took 125.2, 129.5 and 111.29 kg (for control, 15% and 30%, respectively; p=0.048). Their litters gained similar body weights, of which 51.31, 50.22, 51.04 and 47.25 kg for control, 15, 30 and 50% treatments, respectively; p=0.842). The 50% replacement sows had the better dry matter feed conversion efficiency to litter body weight gain at the first (p=0.024) and the second (p=0.008) week of lactation. The control, 15% and 30% sows tend to have similar dry matter feed conversion efficiency to litter body weight gain. They were recorded to have 2.49, 2.63, 2.20 and 2.16 dry matter feed conversion efficiency to litter body weight gain at lactation for control, 15, 30 and 50% treatments, respectively (p=0.108).
Treatment effects on piglet performance
The average numbers of piglets (born alive) per litter were 10.43, 11.22, 11.50 and 10.83 for control, 15, 30 and 50% replacement sows, respectively (p=0.586). There were no treatment effects on the average of piglets' birth weight and total body weight of piglets born alive (Table 6 ). There were no treatment effects on the percentage of piglets that survived after 5 days and 28 days. However, sows fed with corn silage replacer tend to keep more piglets at day 5 of lactation and weaned more piglets. The piglets from control sows tend to have heavier body weights at 21 days old (p=0.029) and at 28 days old (p=0.046). They also gained more body weight at third weeks of age (p=0.009). The piglets were weaned at 28 days old with the average body weight of 7.8, 6.78, 6.68 and 6.51 kg for control, 15, 30 and 50% replacement treatment, respectively. The body weight gains for the first two weeks were similar (p=0.276). However, during the last two weeks of lactation, control group piglets gained the most followed by 15% and 30% replacement groups, and with 50% replacement group coming in last (p=0.039).
Fatty acid profiles in sow plasma and mil quality
The dietary treatment had a significant influence on the concentrations of SFA and USFA, and was significant for most of the dependent variables at 108 days of pregnancy and at weaning (Tables 7 and 8 ). Sows fed with corn silage replacer tend to have lower Total USFA concentrations before farrowing (P=0.044, Table 7 ) but lower Total SFA concentrations at weaning (P=0.0014, Table 8 ) whereas the control sows had the opposite condition. Sows fed with corn silage replacer tend to have higher Total SFA concentrations before farrowing (P=0.0668, Table 7 ), especially C14:0, C16:0 and C20:0. However, C16:0 concentrations dramatically dropped at weaning in these sows. The control sows again had the opposite condition for C16:0 concentrations (p=0.0008, Table 7 and p=0.0002, Table 8) . Surprisingly, the serum C20:1, C22:1, C24:1 and C20:4 were not detected in late pregnancy (Table 7) for sows fed with corn silage replacer. However, they tend to have increasing concentrations of C22:5 and C22:6 as the replacement rate increased in late pregnancy (Table 7) . Serum C22:1 (P<0.0001, Table 8 ) were not detected in the control sows, but they tend to have higher levels of C20:4, C20:5, C22:5 and, the lowest levels of C22:6 at weaning ( Table 8) .
Measurement of the interactions between lactation day and dietary replacement rate on sow milk quality (Table  9 ) showed that the later the lactation, the lower the percentage of dry matter, lipid and energy density. However, the percentage of ash and lactose increased with lactation. There were also significant interactions among lactation day and dietary replacement rate on lipid and lactose contents. Sows fed with higher replacement diet ratio had higher lipid content in their milk, which increased with lactation days. In contrast, higher replacement diet ratio leads to lower lactose content, which increased with lactation days.
DISCUSSION
The levels of performance recorded in this experiment were similar to typical commercial performance in Taiwan.
There were no significant differences in initial body weight and P2 backfat thickness. This indicates an unbiased allocation that should be expected since animals were genetically similar and had been maintained under standard conditions until this time. In the following stages, all sows gained similar body weight and backfat thickness but the control sows had a higher body weight gain at 80 days of pregnancy. These differences maybe because of the different fiber contained and utilized by the animals. Bindelle and colleagues (2008) reviewed that the presence of dietary fiber lowers the apparent fecal digestibility of the crude protein and possibly the ileac digestibility, but not necessarily the efficiency of nitrogen retention by the animal. In this study, sows fed with extruded corn silage replacer tend to gain more body weight at late pregnancy. This may be caused by the pig's adaptation to dietary fiber digestion, which is a long process that requires 5 weeks (Martinez-Puig et al., 2003) ; but energy digestibility is always higher with sows, due to their higher transition time consecutive to their higher gastrointestinal tract volume combined to lower feed intake per live weight (Le Goff et al., 2002) . Besides the lower efficiency in the utilization of corn silage energy compared to grain, the low digestibility of some fiber sources contribute to their negative impact on the density content of the ration. Sows fed with 50% replacer had the worse ratio of rations of dry matter convert to litter weight gain at the 3 rd and the 4 th week of lactation, and had great amount of dry matter during lactation stage. These results might be because of high moisture content of the replacer and too much fluffiness for 50% dry matter replacement. As can be seen, 50% replacement sows had a higher average daily feed intake of 8.23 kg during lactation. Although not significant statistically, it seemed that control, 15% and 30% replacement sows raised better litter weight gain than 50% replacement sows. This may imply that 30% sows' dry matter replacement ration has the highest margins with extruded corn silage. In other experiments which the daily energy intake per sow was equalized among the gestation treatments, a greater percentage of the sows, which were fed a diet containing 50% alfalfa hay, completed 3 reproductive cycles with a greater pig survival rate than control sows (Pollmann et al., 1980) . However, the performance of sows fed a diet containing 46% of an alfalfa-orchardgrass hay mix was equal to that of control sows (Holzgraefe et al., 1986) . Additions of sugar beet pulp to the gestation diet that ranged from 25% to 50% did not improve sow performance compared with control sows when daily energy intake was equalized among treatments (Vestergaard and Danielsen, 1998; McGlone and Fullwood, 2001; van der Peet-Schwering et al., 2003) . The addition of approximately 6.8% (Everts, 1991) or 13.35% (Veum et al., 2009) ground wheat straw as a source of fiber to a gestation diet that were fed for respectively 5 and 3 successive parities increased overall litter size and total litter weight at weaning compared with sows fed the control diet when basal diets intake were equalized among treatments.
In the lactation stage, sows fed with extruded corn silage replacer had a similar higher body weight loss and mobilized more backfat. In comparison, control sows lost 6.2 kg bodyweight and gained 0.4 mm backfat thickness. The litter performance and the experimental feeding regime may explain this. There is only one type of feeds for both pregnancy and lactation in each treatment. On the other hand, the voluntary feed intake of sows during lactation will not affect the role of previous feeding experience. The role of previous feeding experience in the development of feeding behavior is well documented in lactating sows (Guillemet et al., 2006) . Sows chose the lactation diet spontaneously on the week preceding parturition when they were fed a fibrous gestation diet and to promote early intake of the lactation diet (Guillemet et al., 2010) . However, sows fed with extruded corn silage still need time to adapt to dietary fiber. As can be seen, they were gaining less body weight at early twothirds of pregnancy.
There were no significant treatment differences in the average body weight at birth and the average live piglet body weight. This may be because the mothers had a similar body weight gain in pregnancy. By 21 days old, piglets from control sows had higher body weight and were still significantly heavier at weaning. Piglets from 15, Table 7 . Plasma fatty acid composition (%) at 110 days of pregnancy in sows fed one of four diets from breeding till 28 days of lactation. 30 and 50% replacement sows gained less weight at the last two weeks of lactation, although in the first two weeks of lactation, there were no differences in the body weight gain. This suggests that the lower nursing frequency recorded in extruded corn silage replacement groups adversely affected milk intake. Once piglets were older and able to utilize creep feed, they were able to compensate for the lower milk intake, but could not recover their growth check. To sum up, the total bodyweight gain of piglets that were born from the control sows tend to be better than piglets that were born from extruded corn silage replacement groups. This may be a disadvantage of extruded corn silage replacement for piglets, which could be balanced by improving the digestibility of extruded corn silage replacer for the sow. Sows are restrictively fed during gestation to prevent excessive body weight gain and, in contrast, are allowed to consume feed ad libitum during lactation to cover nutrient requirements for milk production and limit mobilization of sow body reserves (Dourmad et al., 1996) . Nevertheless, voluntary feed intake of highly prolific sows is generally insufficient to cover the nutrient demands for milk production and maintain body condition. Feeding sows a higher ratio of fiber replacement diets without altering the daily energy supply during gestation resulted in a greater feed intake during lactation, which is in agreement with previous researches (Matte et al., 1994; Vestergaard and Danielsen, 1998; Courboulay and Gaudré, 2002) . Interestingly, the sows fed with higher dietary fiber were found to convert more body reserve to higher milk lipid content in this study. The mechanisms underlying the effect of bulky dietary fiber on the milk quality of sows during lactation have not yet been fully elucidated.
Items
CONCLUSIONS
During pregnancy, sows were genetically similar and had been maintained under standard conditions and gained similar body weight and backfat thickness. Besides the lower efficiency in the utilization of corn silage energy compared to grain, the low digestibility of some fiber sources contribute to their negative impact on the density content of the ration. Sows fed with 50% corn silage replacer loss more body weight and backfat thickness during lactation, but they took an average of 230.52 kg experimental rations during lactation and had a higher average daily feed intake (8.23 kg) during lactation. Although not significant statistically, it seemed that control, 15% and 30% replacement sows raised better litter weight gain than 50% replacement sows. Sows fed with corn silage replacer tend to have lower total USFA before farrowing but lower total SFA at weaning whereas the control sows had the opposite condition. The serum C20:1, C22:1, C24:1 and C20:4 were not detected in late pregnancy for sows fed with corn silage replacer. However, they tend to have increasing concentrations of C22:5 and C22:6 as the replacement rate increased in late pregnancy. The sow fed with higher dietary fiber was found to convert more body reserve to higher milk lipid contain. The 30% sows' dry matter replacement ration has the highest margins with extruded corn silage. This local resource is an effective approach to reduce feed cost potentially as well as to minimize carbon-foot prints of rations for pig production and increase voluntary feed intake in lactation sows.
